32
ﬁé‘b ;’; %H @t&J T b (D

IRONMENT SCIENCE
PAik: http://www.aes.org.cn

ET NARSFEN BN 2 B HIRT F R Al 3
JUHH, RPCE, &%, W A, KR, FHn, R, REK

FIHASL:

JUHH, RIACE, Hi s, 5. BT AN SO A S AT 2 B it s o U H S il 3. Al BRBE 2241z, 2021, 40(1): 185-
193.

TEZR R BE View online: https:/doi.org/10.11654/jaes.2020-0762

FETT BRI HAB S

Articles you may be interested in

S 2 I R TS e i R R IE A —— AR 5T = B L g oh 431
ERE, BER, THE, AR, S, TEE
LMV FREERLF244]. 2021, 40(1): 174-184  hitps://doi.org/10.11654/jaes.2020-0853

Al T YRR 23 25 Ak e e Ad B XU PEAS BT PLETRT I8k 451
KRR, Lo ai, XA, 451 7o, X R A4
LAV IABTRL2A4]. 2018, 37(6): 1219-1231  https:/doi.org/10.11654/jaes.2017-1374

T b DX A R XS A AR LTS % ) TR —— DL BT e s A 14l
BKE, mik, P, 2/ =, Wi
AV FRE R4 4] 2015(12): 23182326  htps://doi.org/10.11654/jaes.2015.12.010

DU M TR 5 G 0 TR AT

JE B, R, SR, W SUE, EETH
LAV IABTRL 24 4]. 2018, 37(10): 2242-2251  hitps://doi.org/10.11654/jaes.2017-1751

ARt 58 S U St 20 Tt Pl SR R P I 2 A S B R TR 2R

FAERT, AR, SR, 4K
el BB 2020, 39(10): 2420-2428  hitps://doi.org/10.11654/jaes.2019-1257

KEMIE AT, RFHEZBHRE R

Jo


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0762
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0853
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1374
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2015.12.010
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1751
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-1257

2021,40(1): 185-193 R W ®E M FE F R 20214F1 H

® Journal of Agro-Environment Science @&

PUAL, RIRCF-, s, A5 BT AR R A B AT 22 550 T el it Ut SRR B[, Al PRI R 2724, 2021, 40(1) : 185-193.
FAN Xiang, WU Feng—ping, MENG Cen, et al. Estimation of nitrogen output load of a river watershed based on net anthropogenic nitrogen

input and river inflow coefficient[J]. Journal of Agro—Environment Science, 2021, 40(1): 185-193.

FFiERE OSID

ET ANARFEN RN R EH
i R A E
AR, RRE ", EA, CEE, BA, RBED, FRAT, AL, 2K

(LR A KK RS 2R TRRZEBE, Kb 4101285 2.9 ERME B #AT AR A ST T, Kb 410125; 3. RS FREEF SR 2R
BERbAaE o, 1M 510655)

& B ESE TR R AT R BRI R (TN 5 far A A | DR ZR At 1T 55 e s ) 5 vk AL e A
1] ZR SO B AN e 05 A 45 ) R 350 P e 7l 5 AR D B B OO At A ABE DL 85 SR LA ) R RUBE e (o), AT e 1k
B 2R 0 A A g DR S TS R T 9 DX 3 gy G Ry R AT (NAND) TN AR 28 $5OG S 52 0 I8 7 (K SC b
TSR - R FHT 3 ) Tl JRRSERY , o Yo 3 TN 970 i B SR A A B ] Ao 5 7 /0 RS2 A 8 (4 ) ) ) S 4 A AR ) iR RUBE 3K
B TIPTS5 - A 8 AN E K X (1B 2.6~204.1 km* ) NANT ) 2012 451 2017 4F 2 AL 2 P I 38, 25 1k
JL RN (81.7+7.0)~(198.2+32.5 ) kg-hm™-a™, F P S ITRE AL ARG iy AR 5 5 AR ; F T 36 AR IR AR BI0R = R 78 A NANT
T ZE A AR, 3255 NANIRE AR TN 5 A R4 TR0, B e RA(RY) (ANAH R R B (NSE ) 4393149 0.729 0.7 14 3 4 5
TG AT A R A TR 3 AR S A R TR 8 P T3 T AT AR (2 543 km®) L 44> Wa I DB TR AS 4D 5 S 152 22 3 L R 10.3%~17.2% . BF5%
FE BRI R A A B L AT R BT TN B A R — e R i IR 2y B Gl M, W g Uy g DX ARl i U
R iR (O =

FABIA : AN RS A (NANT) s AT 228505 3 s Tl 3 2 £ 4

ESHES X522  XEREG:A XEHES1672-2043(2021)01-0185-09  doi:10.11654/jaes.2020-0762

Estimation of nitrogen output load of a river watershed based on net anthropogenic nitrogen input and river

inflow coefficient

FAN Xiang'?, WU Feng—ping", MENG Cen’, YE Lei'?, LI Xi*, ZHANG Man-yi’, LI Yu—yuan’, WU Gen-yi’, WU Jin—shui’

(1.College of Water Conservancy and Civil Engineering, Hunan Agricultural University,Changsha 410128, China; 2.Institute of Subtropical
Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3.South China Institute of Environmental Science, MEE, Guangzhou
510655, China)

Abstract: We constructed a model for calculating total nitrogen (TN) load in a river, based on the net input of man—made nitrogen to the
river basin and its inflow coefficient. In order to explore and solve problems such as the spatial heterogeneity of non—point source pollution
transmission and the large uncertainty of traditional river inflow coefficient accounting, the simulation results of typical watersheds must be
expanded from basic measurement units to a larger scale. As an example, we used the source watershed of a subtropical southern hilly
region where the transformation of non—point source pollution is complicated. The riverine TN exports were estimated by establishing a net
anthropogenic nitrogen input (NANI) model for the river watershed, and a regression model of the key factors (hydrology, landform, land

use, etc.) affecting the river inflow coefficient of TN. At the same time, a relevant model based on a small-scale watershed (Jinjing River)
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was applied to the downstream large—scale watershed (Laodao River). The results showed that the NANT of 8 catchments (area 2.6~204.1
km?) in the Jinjing River watershed decreased significantly between 2012 and 2017, and varied from (81.7+7.0) kg-hm™-a™ to(198.2+

32.5) kg+hm™-a™, in which nitrogen deposition and net input of chemical fertilizer were the main input sources. A NANI river inflow

coefficient regression model, based on runoff coefficient and elevation, was constructed, and riverine TN exports were simulated with the

NANI model. The model determination coefficient(R*) and Nash efficiency coefficient(NSE) were 0.729 and 0.714, respectively. The river

nitrogen load model based on the Jinjing River watershed was applied to the Laodao River Watershed (2 543 km?). The error between the

simulated and measured values of the four sections ranged from 10.3% to 17.2%. This shows that the river TN load model based on NANI

and its inflow coefficient is scientific, convenient and applicable to a certain extent, and can be used to estimate the load of agricultural

non—point source pollution in the hilly region of South China.

Keywords : net anthropogenic nitrogen input(NANI); inflow coefficient; watershed; riverine total nitrogen exports
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Table 1 Main information of Jinjing River watershed and four sections in Laodao River watershed

BKIX eI RLIR R

B 1 i 3, Laodao River watershed

Watershed Jinjing River watershed GEL UK Ay P51
Shitangpu Xingsha water plant Shizi Laodao estuary
T Area/km? 134 1022 1869 1900 2054
YNEE: i 357 378 381 382 419
Population density/(_ A +km™)
4% H Farmland/% 31.6 25.7 25.2 24.6 22.3
15 1 Hb Residential/% 2.7 2.9 4.1 5.3 7.3
Mt Forest/% 62.8 66.7 59.3 55.8 43.6

7.5 15km

e RAES wm Kk

-
- R R

B 1 B IR & HiRiEk R mE

Figure 1 Catchment distribution of Laodao River watershed and Jinjing River watershed
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Figure 2 Distribution of household census points in Jinjing River watershed over 2012—2017 period
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Figure 3 Net anthropogenic nitrogen input(NANI) composition and dynamic characteristics of 8 catchments in Jinjing River basin
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R2 20122017 S & H AR E LK KX NANT & RIFAT 5 FFHER51(%)
Table 2 Percentage of different N source in NANI in 8 catchments of Jinjing watershed from 2012—2017(%)

AKX R A REZ YN T IR A YED I Tl A

Watershed N deposition  Net input of chemical fertilizer ~ Net N import/export in food and feed Crop N fixation Seed N input
4 Jinjing 33.28 47.25 1631 3.03 0.13
JBi F ] Tuojiahe 26.35 48.22 22.49 2.84 0.11
L1 Jianshan 43.41 33.53 20.36 2.59 0.10
MAE Guanjia 57.86 33.55 5.93 2.65 0.12
7K Shuiba 37.23 38.16 21.61 2.87 0.14
JUZE Jiuxiyuan 28.55 67.98 -0.31 3.64 0.14
SV Xingsha 33.28 59.98 3.32 3.29 0.13
KK Feiyue 35.66 57.07 3.74 3.37 0.15

Fr S 3ny. VEY I E I G R 2.59%~3.64% , Fh
f A 7 et/ N, 0.109%0~0.15% o
2.2 i TN NG R B S B M i
2012—2016 44 H- I 3t 8 TN AT 3 250 (TN
NAND B4 0.042~0.155(F3) .
3 2012—2016 FFKEKX TN XA REL

Table 3 TN inflow coefficient of each watershed from

2012 to 2016
KX ¥i{E L -

Watershed Mean value Value range
43+ Jinjing 0.092¢ 0.074~0.119 0.015
5 FFR[ Tuojiahe 0.108a 0.098~0.119 0.008
1111 Jianshan 0.093¢ 0.078~0.123 0.016
WA Guanjia 0.062d 0.042~0.085 0.015
7K 30 Shuiba 0.107ab 0.120~0.155 0.055
JUZ J Jiuxiyuan 0.101be 0.082~0.111 0.010
VP Xingsha 0.105ab 0.091~0.153 0.024
TKER Feiyue 0.094¢ 0.076~0.115 0.012

TE AR NE FRARFRA K X 2 5 8.3 (P<0.05) .
Note: Different lowercase letters represent significant differences in

different catchment areas.

I AH 2 43 A7 7 128 TN AT 22 B0 I b 3 (A7
PepE CPHEER) KU G (BRI AR R
B0 At AT (R K XTI AR R HH AR A 43 FE L T) R 2
JE ) A R TR -, 2 SRR, BRAS K DX TR AR
W HEAR , LA R34 5 A 3 85 3 A 06 (P<0.01)

Hodyi g e AR AT (K 4)
FRE AR IC T , LA 2R BOR R AR 1, 52 35 40 56
R (P<0.01) 2k B A2 &, k) i3 A ] R 502 o6 ] A

I RERINR .
an=—0.003E+0.104RC+0.101 (5)
A an S TN AW R 80 E -1 @ ; RC iR

I 1] 1A AR AR A5 2] 2017 45 4 H 30T i 35 TN
AT Z BB, 455 4 2K X NANT A5 2017 40]
TN B A BADUEL o K S 5 BB X B, o
FHR=0.729, WA 30E REUNSE=0.714 (&1 4) . 45
TR, 38 A 2 AT B8 R T AT I A K DX T
TN ffi fif -
23 BEINNRERARER KA

G T A P R T B A A5 K AR B B
Ay A TR 220 Wity Y A0 for , R I as FRUASE R X6 455 70 ) 3 3
(o R AR T8 A /K b B ) o Y TN A7 fr A
U 36 UE S 5 R A I ) S R . 2 AR R A
BTN O ST S M W W B R i T
JK X TN A 28043 51 4 0.092.,0.101,0.123 ., 0.144,
S5 4 A WE I T TET BT E 4 7K X NANT B (93.6~104.3
kg-hm™-a™ )15 ] i TN A4 17 17 7 8.61~15.01 kg
hm™-a™o AHECHNBR SO 200 67 4, 1% 224 10.3%~
17.2%(%5).

x4 BB TINANARYEREBHMIR  BRASK AXEHERFHEXSH

Table 4 Correlation analysis between TN coefficient and watershed topography , natural climate , human activities and other factors

Al ESE T i3 R e e (EHITRE [ESTET S T 60 255 g A AR 5 EE
Influence factor Area Slope Elevation  Rainfall amount  Runoff depth  Runoff coefficient ~ River network density ~ Farmland area
UNTEY 3 -0.110 -0.569** -0.545%* 0.022 0.541%%* 0.550%%* 0.544%* —0.553%*

River entry coefficient

T 5 F R TE P<0.05 1 P<0.01 /K- F 5 3540 56

Note: ** is significantly correlated at 0.01 level; * is significantly correlated at 0.05 level.
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Figure 4 Comparison between simulated and measured values of
TN in the river inflow coefficient model of

Jinjing River watershed in 2017
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Table 5 Simulated and measured values of TN load of rivers with four monitoring sections in Laodao River watershed
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Monitorine section (ke+hm2-a™) River entry Simulation/ Actual measurement/  Measurement after deducting Error/%
g sec & coefficient (kg-hm’z-a") (kg-hm’z-a") point Snurce/(kg'hmﬂ'a")

13 4H Shitangpu 93.6 0.092 8.61 13.72 10.06 14.4

SEVPIKT Xingsha water plant 97.8 0.101 9.89 14.32 11.21 11.7

41 Shizi 99.0 0.123 12.17 18.36 14.74 17.2

3 J1T 171 Laodao estuary 104.3 0.144 15.01 18.75 16.73 10.3
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